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[DESCRIPTION] 

FIELD OF THE INVENTION 

The present invention relates to an improved method for the 
preparation of nanoparticle dispersions containing optionally doped 
metal chalcogenides . 

BACKGROUND OF THE INVENTION 

There is a lot of recent scientific literature on metal 
chalcogenide nanoparticles with semiconductor properties. For 
instance, doped ZnS particles (ref . 1-9) can be used in 
eletroluminescent (EL) devices ; CdS can be used in solar cells 
(ref. 10-14) . 

The precipitation of such metal chalcogenide nanoparticles can 
be performed homogeneously in water (ref. 1-6) or heterogeneously 
from micelles (ref. 7-9) . After precipitation these particles are 
filtrated, washed and dried, after which their f otoliiminescence or 
electroluminescence properties can be studied. The drawback of this 
method is that due to these filtration, wash and drying step the 
particles will inevitably tend to agglomerate. This is 
disadvantageous for their physico-chemical properties and possibly 
also for their luminescence properties. Centrifugation and 
f locculation show the same drawbacks . 

With ZnS dispersion there is following additional problem : by 
hydrolysis/oxidation of the ZnS particle surface hydroxide- like gels 
arise which during concentration steps inevitably give rise to 
gelation and agglomeration 

In order to be able to coat functionally useful layers of 
nanoparticles (average particle size < 100 nm) it is necessary to 
concentrate the coating dispersion sufficiently. By doing so it 
becomes possible to coat enough active compound per m^ with 
conventional coating techniques. For example, for a coverage of 2 g 
Zn (Mn) S per m^ and a wet coating thickness of 40 ^ concentration 
of 50 g Zn(Mn)S nanoparticles per liter is needed. 
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So there is a need for an improved method for washing and 
concentrating of precipitated metal chalcogenide particles without 
the occurence of agglomeration. 

Ultrafiltration and diaf iltration are well-known methods for 
washing and concentrating precipitated metal salts . However when 
applying this to ZnS gelation occurs and due to the increasing 
viscosity the ultrafiltration membrane will clog. 

The use of surface-active compounds capable of stopping the 
growth of chalcogenides are known from literature. They are used to 
stop the growth of very fine nanoparicles with average size below 10 
nm. Most commonly mentioned is thioglycerol (ref. 9,13). However 
when using this compound during precipitation the growth of the 
particles is disturbed. In this case the particles remain so small 
that the dispersion cannot be ultraf iltrated. 
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OBJECTS OF THE INVENTION 

It is an object of the present invention to provide a process 
for the preparation of metal chalcogenide nanoparticle dispersions 
which can be washed and concentrated without the occurence of 
excessive agglomeration. 

It is a further object of the present invention to provide a 
process for the preparation of doped metal chalcogenide particles 
which can be used in an electroluminescent device. 

SUMMARY OF THE INVENTION 

The above mentioned objects are realised by providing a process 
for the preparation of a nanoparticle dispersion of an optionally 
doped metal chalcogenide, comprising the steps of 

(a) performing a precipitation by mixing together appropriate 
aqueous solutions of metal cations, of chalcogenide anions, and 
optionally of a salt of the dopant respectively, thus forming a 
predispersion, 

(b) performing a diaf iltration and/or ultrafiltration washing step 
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on said predispersion, characterized in that said step is performed 
in the presence of a compound capable of preventing agglomeration of 
the nanoparticles of the dispersion. 

In a preferred embodiment the compound capable of preventing 
5 agglomeration is chosen from glycerol, thioglycerol, polyphosphoric 
acid, a polyphosphate and a hexametaphosphate. 

When the metal chalcogenide is doped, e.g. doped ZnS, it can be 
used in the construction of an electroluminescent device. 



DETAILED DESCRIPTION OF THE INVENTION 



The present invention will now further explained on the hand of 
a preferred embodiment wherein the metal chalcogenide is zinc 
sulfide doped with manganese ions. 

15 Such a ZnSiMn nanoparticle dispersion is prepared by a 

precipitation reaction performed by mixing appropriate aqueous 
solutions of the respective ions. Preferably, the precipitation 
reaction is performed according to the double jet principle whereby 
a first and a second solution are added simultaneously to a third 

20 solution under controlled conditions of flow rate. For instance, the 
first solution contains zinc ions, e.g. zinc acetate, and manganese 
ions, e.g manganese acetate ions. The second solution contains 
sulfide ions, e.g. sodium sulfide ions. These two solutions are 
added together to a third aqueous solution. This third solution may 

25 also contain a small amount of zinc ions, e.g. zinc acetate. 

The resulting nanoparticle predispersion has to be washed and 
concentrated. In the practice of the present invention this is 
performed by a diaf iltration and/or ultrafiltration treatment. It is 
the essence of the present invention that this diaf iltration and or 

30 ultrafiltration step is performed in the presence of a compound 

capable of preventing agglomeration of nanoparticles. The nature of 
this compound is not restricted to a particular chemical class but 
can be chosen from various chemical types. Preferred compounds are 
polyphosphoric acid, a polyphosphate such as sodi\am polyphosphate, a 

35 hexametaphosphate such as sodium hexametaphosphate, glycerol and 
thioglycerol. The most interesting compounds are the phosphates 
because they are odourless. The compound is preferably added partly 
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to the predispersion after precipitation and before diaf iltration, 
and partly in the diaf iltration liquid. 

The present invention has been explained on the hand of a ZnS 
dispersion doped with Mn but it will readily be understood that it 
extends to other dopants and other metal chalcogenides, doped or 
not. For instance, zinc sulfide can be without dopant, or can be 
doped with other luminescent centres such as Cu, Ag, Tb, Eu, Ag, 
etc. . Furtheron, the scope of the invention extends to e.g. ZnSe, 
CdS, and CdSe, each of which can be doped or not. 

When the metal chalcogenide dispersion is doped and therefore 
capable of luminescence it can be used in the form of a coated layer 
in the construction of an electroluminescent device, more 
particularly in a so-called Thin Film Inorganic Light Emitting 
Diode. In such a device the Ixaminescent layer, e.g comprising Zns:Mn 
dispersion is inserted between two conductive electrodes, of which 
at least one is transparent. 

The first conductive layer is preferably an ITO (Indium Tin 
Oxide) electrode. An ORGACON conductive foil (trade name of Agfa- 
Gevaert N.V.) can also be used. Thin transparent electrodes of 
evaporated Ag, Au, ... can also be used. The transparent electrode is 
preferably applied on top of a plastic substrate, e.g. a polyester 
substrate such as a polyethylene terephthalate substrate, but a 
glass substrate can also be used. In case the top-electrode (second 
electrode) is transparent, a non-transparent electrode on glass or 
plastic can also be used (e.g. Al, Ca, Ag, Mg, Au, etc.) as first 
electrode . 

The coating composition, comprising the doped metal 
chalcogenide dispersion and optionally a surfactant and/or a binder, 
can be applied on top of the first conductive electrode by any 
suitable coating technique. For the manufacturing of a small 
prototype spincoating is mostly preferred, but for larger areas 
doctor blade coating or continuous coating techniques such as used 
in photographic emulsion coating like air knife coating or curtain 
coating can be used. The obtained thickness of the dispersion 
layer (s) is dependent from the nature and concentration of the 
binder, and from the coating conditions. This thickness is 
preferably between 50 and 1000 nm. 
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Finally, a second conductive electrode is applied on top of the 
coated layer. At least one of the two conductive electrodes must be 
transparent. In a preferred embodiment the second conductive 
electrode is an aluminum electrode (cathode) applied by vacuum 
5 deposition. Also Ca, Mg, LiF/Al, Ag can be used. In case the bottom 
electrode used is non-transparent (Al, Ag, ...) a transparent 
electrode should be applied on top of the spincoated doped ZnS 
layer. This can be done e.g. by spincoating a dispersion comprising 
a poly (3, 4, -ethylenedioxythiophene /polystyrene sulphonate 
10 (PEDOT/PSS) complex, or by sputtering an ITO layer on top of it, or 
K by evaporation of a thin and transparent conductive metallic layer 

O like Al, Ag, Au, ... 

m 

2 The present invention will now be illustrated by the following 

O 15 examples without however being limited thereto. 

o 

EXAMPLES 



Example 1 



The following solutions were prepared: 



Solution 1 




Zn(AC)2-2H20 
Mn(AC)2.4H20 
DW 


471,4 g 
10 g 

to 1500 ml 



25 



Solution 2 




NazS . 9H2O 
NaOH (50%) 
DW 


381,8 g 

7,7 ml (50%) 

to 1500 ml 



Solution 3 




Zn(AC)2.2H20 
DW 


11,2 g 

to 1500 ml 



Ugn01012 



ileduf 2002-^1-10 17:13 



- 8 - 

The Zn(Mn)S dispersion was prepared as follows: 

To solution 3, held at 50°C and stirred at 450 rpm,. solutions 1 
and 2 were added simultaneously at room temperature both at a flow 
5 rate of 500 ml/min. This precipitation reaction gave rise to the 

predispersion A, comprising luminescent Zn (Mn) S-particles (emission 
band at 590 nm) . 

After the precipitation, the predispersion A was divided in two 
equal parts. 

10 To one part 125 ml water was added (comparison) and this 

dispersion was diafiltrated through a Fresenius F60 cartridge by 
using pure water as washing solution. Due to the sudden pressure 
raise after a minute or so, this dispersion could not be diafiltred 
any further. 

15 To the other part of the predispersion A, 125 ml of 

£ thioglycerol was added (invention) and this dispersion was 

diafiltrated through a Fresenius F60 cartridge by using a 5% 

O 

1.^ solution of thioglycerol in water. This dispersion was washed 

W successfully until a conductivity of 0.5 mS/cm was obtained. After 

S 20 the washing, this dispersion was succesfully concentrated by means 
fy of the diaf iltration set-up to a maximum concentration of about 100 

g ZnS/1 without any visual form of agglomeration. 

The dispersions were analysed for their particle size 
distribution (weight average d„a) with the Disc Centrifuge 
25 Photosedimentometer BROOKHAVEN BI-DCP, The results are shown in 
table 1. 



Sample 


Thioglycerol 
Added after 
Precipitation 


Washing solution 


Ultrafiltration 


DCP 


Comparison 


No 


Water 


Not possible 




Invention 


Yes 


5% thioglycerol 
in water 


Possible 


108 nm 



30 Although particle sizes could be measured with DCP, no clear 

particles could be visualized by Electron Microscopy (SEM, TEM) . The 
measured particle sizes are probably due (as revealed by EM images) 
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to aggregates of nano-sized particles. This is further confirmed by 
the fact that ultrasonic treatment before the DCP measurement 
clearly influences the obtained particle size distribution. The 
longer the time between the ultrasonic treatment and the DCP- 
measurement, the larger the obtained values for the weigth average 
particle size. Also the polydispersity increases. 

XRD-measurements indicate low crystalline ZnS, however the 
obtained diffraction signal was used in the Debye-Scherrer equation 
to calculate the crystalline particle size. Depending on the 
precipitation conditions, particle sizes between 1.5 and 5 nm were 
found . 

Another indication that the primary particles are indeed much 
smaller as revealed by DCP-measurements, is the fact that the 
absorption edge of the ZnS-dispersion and/or layer shifts to shorter 
wavelengths if compared with bulk ZnS (~ 330 nm) . This is a well 
known phenomenon in quantum dots'^*. Depending on the precipitation 
conditions, values of the absorption edge for the ZnS disperions or 
layers between 275 and 310 nm were found, indicating, according to 
the Brus equation'^^' , particle sizes between 1.5 and 5 nm. 

Although that the DCP technique does not give information about 
particles smaller then 10 - 20 nm in case of real nano-particle 
dispersions the technique gives important information about the 
largest aggregates present in the dispersion. By applying layer 
thicknesses by means of spincoating of about 200 - 400 nm, it is 
important that the weight average particle size diameter as found by 
DCP after ultrasound treatment, which is also used before 
spincoating, stays below 150 nm and more prefarably below 100 nm in 
order to obtain smooth layers . 



Example 2 

To 1000 ml of the same predispersion A from example 1, 1000 ml 
of a 2% solution of sodium hexametaphosphate in water/ethanol 
(98.5/1.5) was added and this dispersion was diafiltrated through a 
Fresenius F60 cartridge by using a 2% solution of sodium 
hexametaphosphate in water/ethanol (98.5/1.5). This dispersion was 
washed successfully until a conductivity of 8 mS/cm was reached. 
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After the washing, this dispersion was concentrated by means of 
the same diafiltration set-up to a concentration of about 75 g 
ZnS/1. 

The finished dispersion was analysed for its particle size 
distribution (weight average d„a) with the Disc Centrifuge 
Photosedimentometer BROOKHAVEN BI-DCP. A weight average particle 
size diameter of 108 nm was obtained. 



10 Example 3 

^ To 1000 ml of the same predispersion A from example 1, 1000 ml 

ill of a 2% solution of sodium polyphosphate in water was added and this 

J^' dispersion was diafiltrated through a Fresenius F60 cartridge by 

O 15 using a 2% solution of sodiiam polyphosphate in water. This 

dispersion was washed successfully until a conductivity of 9 mS/cm 
Q was reached. 

1=-^ After the washing, this dispersion was concentrated by means of 

\2 the same diafiltration set-up to a concentration of about 75 g 

O 20 ZnS/1. 

The final dispersion was analysed for its particle size 
distribution (weight average d„a) with the Disc Centrifuge 
Photosedimentometer BROOKHAVEN BI-DCP. A weight average particle 
size diameter of 108 nm was obtained. 



Example 4 

To 1000 ml of the same predispersion A from example 1, 50 ml of 
30 glycerol added and this dispersion was diafiltrated through a 

Fresenius F60 cartridge by using a 5% solution of glycerol in water. 
This dispersion was washed successfully until a conductivity of 0.5 
mS/cm was reached. 

After the washing, this dispersion was concentrated by means of 
35 the same diafiltration set-up to a concentration of about 75 g 
ZnS/1. 

The final dispersion was analysed for its particle size 
distribution (weight average d„a) with the Disc Centrifuge 
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Photosedimentometer BROOKHAVEN BI-DCP. A weight average particle 
size diameter of 108 run was obtained. 



